Introduction
Nowadays, synthetic azo compounds are widely used in different application and in many fields, such as medicines, cosmetics, food, paints, plastics, shipbuilding, automobile industry, cable manufacture [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Moreover, azo compounds are known for their antineoplastics [13] , antidiabetics [14] , antiseptics [15] , antibacterial [16] and antitumor activities [17] . Naphthopyrans are biologically interesting compounds with antimicrobial activities [18] [19] [20] [21] , inhibitors of influenza virus sialidases [22, 23] , DNA stand-breaking activity and mutagenicity [24] , antiviral agent [25] , antiproliferation agent [26] , sex pheromone [27] , antitumor [28, 29] and central nervous system (CNS) activity [30] .
As a continuation of our previous work for synthesis of naphthopyrans with arylidine skeleton [20, 21, [31] [32] [33] [34] [35] , we efficiently synthesized a series of new 4-phenyldiazenyl or (ptolyldiazenyl)-4H-naphthopyrans and 4-phenyldiazenyl or (ptolyldiazenyl)-4H-naphthopyranopyraimidin-8-ones which are expected to possess considerable chemical and pharmacological activities.
Experimental

Instrumentation
Melting points were determined with a Stuart Scientific Co., Ltd. apparatus. UV spectra were measured on a Shimadzu UV-1601PC UV-Vis spectrophotometer. FT-IR spectra were determined as KBr pellets on a Jasco FT/IR 460 plus spectrophotometer. 1 H and 13 C NMR spectra were recorded using a Bruker AV 400 MHz spectrometer. Mass spectra were measured on a Shimadzu GC/MS-QP5050A spectrometer. Elemental analyses were performed on a Perkin-Elmer 240 microanalyzer in the Faculty of Science, Cairo University, Cairo, Egypt
Synthesis
Synthesis of 4H-naphthopyran derivatives (3a-p)
A solution of 4-phenyldiazenyl/or 4-(p-tolyldiazenyl)-1-naphthol (10 mmol) in ethanol (30 mL) was treated with α-cyanocinnamonitriles (2a-h) or ethyl α-cyanocinnamates (2i-p) (10 mmol) and piperidine (0.5 mL). The reaction mixture was heated until complete precipitation occurred (reaction times: 2 h for compounds 2a-h; 3 h for compounds 2i-p). 
Scheme 1
The solid product which formed was collected by filtration and recrystallized from dioxane and ethanol:benzene (1: ( ( 
E) 2-Amino-4-(p-methoxyphenyl)-6-(p-tolyldiazenyl)-4H-naphtho[1,2-b]pyran-3-carbonitrile
E) Ethyl 2-amino-4-(p-hydroxyphenyl)-6-(p-tolyldiazenyl)-4H-naphtho[1,2-b]pyran-3-carboxylate
(E) Ethyl 2-amino-4-phenyl-6-(phenyldiazenyl)-4H-naphtho[1,2-b]pyran-3-carboxylate
Synthesis of 2-acetylamino-4-(p-chlorophenyl)-6-(phenyldiazenyl)-4H-naphtho[1,2-b]pyran-3-carbonitrile (4)
A solution of compound 3a (0.43 g, 10 mmol) in Ac2O (20 mL) was heated under reflux for 30 min. The solid product 
Synthesis of 7-(4-chlorophenyl)-10-methyl-5-(phenyl diazenyl)-7,9-dihydro-8H-benzo[7,8]chromeno[2,3-d] pyrimidin-8-one (5)
Method A: A solution of compound 3a (0.43 g, 10 mmol) in Ac2O (20 mL) was heated under reflux for 3 h. The precipitate was filtered off, washed with cold ethanol. The solid obtained was filtered off and recrystallized from DMF.
Method B: Gaseous dry HCl was bubbled through the mixture of compound 3i (0.48 g, 10 mmol) and CH3CN (30 mL) for 6 h. The reaction mixture was poured into ice water and alkalized with 10% aqueous ammonium hydroxide to give compound 5 (Scheme 2). Color: Yellow crystals. Yield: 85 %. 
Synthesis of 7-(4-chlorophenyl)-10-phenyl-5-(phenyl diazenyl)-7,9-dihydro-8H-benzo[7,8]chromeno[2,3-d] pyrimidin-8-one (7)
A solution of compound 3a (0.43 g, 10 mmol) in benzoyl chloride (10 mL) in DMF (20 mL) was heated under reflux for 6 h. The excess of benzoyl chloride was removed under reduced pressure and the residue was poured into cold water. The precipitate was collected by filtration, washed with carbon tetrachloride (10 mL) to remove the formed benzoic acid and the residue was dried. The solid obtained was filtered off and recrystallized from DMF (Scheme 3 The formation of compound 3a-p indicates that the naphtholate anion (C-2) of compound 1 attack at the β-carbon of compound 2 to yield an acyclic Michael adduct [37] , which underwent cyclization as shown in Scheme 5. 
The structure of compound 4 was established on the basis of IR which showed the presence of CN group stretch at 2225 cm -1 and CO of acetyl stretch at 1715 cm -1 , while for compound 5 the absence of CN, the presence of NH stretch at 3450 and CO of amide stretch at 1655 cm -1 . 1 H NMR spectra for compound 4 revealed the presence of signal at δ 2.19 ppm (s, 3H, COCH3) and δ 10.29 ppm (br, 1H, NH), while for compound 5 showed δ 2.40 (s, 3H, CH3) and δ 8.81-7.10 ppm (m, 15H, Ar-H + NH). The structure of compound 5 was also supported by an independent synthesis of the same products from compound 3i and acetonitrile in the presence of HCl gas [38] (M.p. and mixed m.p.) (Scheme 5). Interaction of compound 3a with benzoyl chloride in benzene for 6 h afforded N,Ndibenzoylamino derivatives 6, while heating of compound 3a with benzoyl chloride in DMF for 6 h afforded 7-(4-chlorophenyl)-10-phenyl-5-(phenyldiazenyl)-7,9-dihydro-8H-benzo [7, 8] chromeno [2,3-d] pyrimidin-8-one (7) . Treatment of compound 3a with formic acid for 10 h afforded naphthapyranopyrimidine-8-one derivative 8, the structure of compound 8 was supported by an independent synthesis from compound 3i and formamide (Scheme 3).
The structures of compounds 6-8 were confirmed by IR, 1 H NMR and MS. The IR spectrum of compound 6 showed v(CN) stretch at 2214 cm -1 and (CO of benzoyl) group stretch at 1735 cm -1 , while for compound 7, (CO of amide) group stretch at 1659 cm -1 and compound 8 showed v(NH) stretch at 3433 cm -1 and v(CO) stretch at 1718 cm -1 . 1 H NMR of spectra for compound 7 revealed the presence of signal at δ 11.89 ppm (br, 1H, NH, D2O exchangeable), while for compound 8 showed δ 8.45 ppm (s, 1H, CH-Pyimidine), 11.21 ppm (br, 1H, NH D2O exchan-geable). The mass spectra of compounds 6-8 showed the corresponding molecular ion peaks m/z 540 (M + , 10.5), m/z 644 (0.01) and 464 (M + , 0.17), respectively.
Conclusions
Synthesis of several new heterocyclic compounds reported such as 4-phenyldiazenyl or (p-tolyldiazenyl)-4H-naphthopyrans and 4-phenyldiazenyl or (p-tolyldiazenyl)-4H-naphtho pyranopyraimidin-8-ones. The synthesized com-pounds exhibited expected biological activities and physiological properties.
